Rhabdomyosarcoma is a malignant tumor of the skeletal muscles that is occasionally observed in free-living and pet birds. A case of malignant rhabdomyosarcoma in the musculature of the right wing of a captive female cockatiel (Nymphicus hollandicus) was investigated. The clinical aspect and radiographic images suggested an invasive neoplasm. Histologically, the tumor was composed of a patternless array of large primitive polygonal cells or sheets of bizarre cells with giant nuclei and atypical mitoses set in a collagenous stroma. Anaplastic cells were poorly differentiated and exhibited notable cellular and nuclear pleomorphism. Nuclei showed extreme variability in number, size, shape, chromatin distribution and nucleolar size and number. The cross striations were encountered in elongated multinucleated cells known as "strap cells" and in ovoid cells known as "racquet cells" and numerous mitotic fi gures were also observed. Neoplastic cells were positive for muscle actin and negative for desmin, suggesting the diagnosis of anaplastic rhabdomyosarcoma. It is the fi rst reliable record of a rhabdomyosarcoma in a cockatiel (Nymphicus hollandicus) in Romania.
INTRODUCTION
Rhabdomyosarcoma (RMS) is a malignant tumor with its origin in the striated and skeletal muscles. In free-living and pet birds, this type of tumor is only occasionally observed [1, 2] . It is well known that, especially in budgerigars, neoplastic diseases have a high incidence [3] . A predilection site for rhabdomyosarcoma is not observed [4] , but the tumor has been reported in the wing, shoulder, dorsal lumbar region or retrobulbary [2, [5] [6] [7] [8] [9] . These tumors are composed of a pleomorphic population of fusiform to elongated cells. Although the histopathological fi ndings reveal sometimes cytoplasmic cross-striations, confi rmation of the tumor requires the use of immunohistochemistry or electron microscopy [1] .
The present study reports a RMS tumor in a cockatiel (Nymphicus hollandicus) in the musculature of the right wing. To our knowledge this is the fi rst description of an anaplastic rhabdomyosarcoma in a cockatiel in Romania.
CASE PRESENTATION

Case history
An adult female cockatiel (Nymphicus hollandicus) was presented at the University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca, Faculty of Veterinary Medicine, with an ulcerated, black colored mass on the caudal part of the right wing ( Figure 1 ). Despite the invasivity of the tumor at the level of the distal humerus, proximal ulna and radius regions, the general clinical status of the bird was good. The lateral radiographic examination showed an opaque invasive mass in the muscle of the suggested regions. Surgical excision was performed with the owner's permission, but the bird was humanely euthanized due to the invasive aspect of the tumor. Complete necropsy was performed at the Laboratory of Pathologic Anatomy at the Faculty of Veterinary Medicine Cluj-Napoca, Romania. Necropsy confi rmed the extremely invasive tumor that involved a large portion of the right wing, without metastases in other organs.
Histopathology sampling
From the tumoral mass, small pieces (cca. 0.5 cm) were fi xed in neutral 10% buffered formalin. Tissues were subsequently embedded in paraffi n wax, sectioned at 5 μm, and stained with Haematoxylin-eosin (HE), Goldner's trichrome and ferric Heidenhaim hematoxylin methods. Tissue analysis was performed using an Olympus system for image acquisition and analysis, respectively an Olympus BX51 microscope equipped with Olympus Cell B software.
Immunohistochemistry assessment
Immunohistochemical staining methods for actin (mouse anti-human actin antibody, clone HHF-35, cat no MAK-0014, Linaris, Biologische Produkte, Dossenheim, Germany) and desmin (mouse anti-human desmin antibody, clone D33, cat no K057, Linaris, Biologische Produkte, Dossenheim, Germany), were performed on formalin-fi xed, paraffi n-embedded tissue sections (4-μm-thickness). Leica Bondmax TM Immunohostochemistry system (Leica Biosystems Melbourne, Bond Max model, M2 12154 series) was used in order to detect the origin of tumoral cells. Briefl y, the automatic Leica-system included the following steps: (1) deparaffi nization and rinsing with EDTA solution at pH 8.8 (Epitope Retrieval Solution 2) at 98 0 C for 20 minutes; (2) after rinsing, the DC 9800 kit was used for 10 minutes (Leica Microsystem GmbH) in order to block the endogenous peroxidase; (3) rinsing, after which the "mouse anti-human actin" and "mouse anti-human desmin" primary antibodies were added (on separate slides) and incubated for 30 minutes; (4) polymerase adding and incubation for 10 minutes, obtaining the colored reaction with the help of DAB (Diaminobenzidine), respectively; (5) Mayer's haematoxylin counterstain. Concerning tumoral cells evaluation, cells with a labeled cytoplasm (i.e., different intensities of brown) were considered positive. However, negative and positive (i.e., unaffected skeletal muscle) control slides were used for high accuracy.
Necropsy fi ndings
The bird was in a good body condition, but the right wing was partially affected by a dark mass (2-1.5 cm) that invaded the soft tissues (i.e., muscle, skin) of the distal humerus, radius and ulna regions. The joints and the bones were not affected. At necropsy a poorly-demarcated subcutaneous neoplasm was noted in this area. The tumor presented poorly defi ned borders, fi xation to the skin and underlying muscle tissue, and ulcerations. No metastases in other organs were noticed.
Histological and immunohistochemical description
Microscopically, the mass was unencapsulated and composed of neoplastic cells having considerable morphologic variability. Anaplastic cells were poorly differentiated and exhibited prominent cellular and nuclear pleomorphism (Figure 2 ). Nuclei showed extreme variability in number, size, shape, chromatin distribution and nucleolar size and number. The neoplastic nuclei were disproportionately large relative to cell size, resulting in an increased nuclear to cytoplasmic ratio. The tumor consisted of a patternless array of large primitive polygonal cells or sheets of bizarre cells with giant nuclei and atypical mitoses set in a collagenous stroma. Nevertheless, the cells of the described anaplastic rhabdomyosarcoma had prominent nuclei and eosinophilic cytoplasm (i.e., rhabdomyoblasts). There were spindle-shaped multinucleate "strap cells" and ovoid "racquet cells". Cross striations were encountered in elongated multinucleated cells (Figure 3 ). Numerous mitotic fi gures were observed.
Immunohistochemically, neoplastic cells were positive for muscle actin, but negative for desmin (Figure 4 ). Immunostaining for actin was homogeneous and intense in a good number of tumoral cells (83.43% positive tumoral cells), while immunostaining 
DISCUSSION
Several recent reports utilized immunohistochemistry like the ideal diagnostic technique for confi rmation of the diagnosis of rhabdomyosarcoma [10] .
In our study, the histopathological examination was highly suggestive, since some neoplastic cells showed some typical features for rhabdomyosarcoma (i.e., cytoplasmic cross-striations visible in histologic sections stained by HE and ferric Heidenhaim hematoxylin methods; the occurrence of elongated multinucleated cells, some of them showing aspects known as "strap" and "racquet" cells). In a similar manuscript, Manarolla et al. (2008) described similar histological details for a pectoral rhabdomyosarcoma. They described the tumour as composed of spindle cells with indistinct cell borders, marked anisocytosis and anisokaryosis, a high nuclear to cytoplasmic ratio, and a moderate amount of eosinophilic cytoplasm. Few multinucleated giant cells were also observed [11] . In another report, Fernández-Bellon et al. (2003) mention a highly cellular, poorly demarcated, unencapsulated invasive sarcoma. In contrast to our histological fi ndings, they did not fi nd cross striations in the cytoplasm of tumoral cells [1] .
However, differential diagnosis of rhabdomyosarcoma includes poorly differentiated sarcomas such as fi brosarcoma, leiomyosarcoma or schwannoma, but in the last ones the cross striations cannot be detected in the cytoplasm. In order to establish the fi nal diagnosis, the immunohistochemical reaction is mandatory [1] . Fernandez-Bellon et al. (2003) found positive immunostaining for muscle actin, vimentin and myoglobin in a rhabdomyosarcoma of a pigeon, but neoplastic cells were negative for desmin. Desmin and myoglobin are basic markers for striated muscle cell tumors [10] . However, desmin may be unnoticeable in the poorly differentiated rhabdomyosarcoma [1] . In another paper, Gulbahar et al. (2005) described a rhabdomyosarcoma where tumor cells were positive for desmin, vimentin and alpha-smooth muscle actin [9] .
Concerning the α-smooth muscle actin, rare positive immunostaining is not surprising in rhabdomyosarcoma [9] [10] [11] . The biomarkers are variably expressed depending upon the grade of differentiation of neoplastic cells [10, 11] . The uneven staining for actin could be due to the heterogeneity of neoplastic cells. Well differentiated tumoral cells are positive for actin, whereas cells negative for actin are rather more anaplastic.
In our case, the negative staining for desmin and positive staining for actin in tumoral cells presented a possible difference in respect with other cases described [9] . On the other hand, similar to our case, Fernandez-Bellon et al. (2003) described comparable results concerning expression of actin and desmin biomarkers in an avian rhabdomyosarcoma [1] . The uneven expression of some specifi c biomarkers in avian rhabdomyosarcomas could be due to the degree of differentiation of the rhabdomyocytes [1, [9] [10] [11] .
We can conclude that the histologic and immunohistochemical features of the tumor were signifi cant for the diagnosis of the anaplastic rhabdomyosarcoma. To our knowledge, there are no existing reports of anaplastic rhabdomyosarcoma in a cockatiel (Nymphicus hollandicus) or other captive birds in Romania.
